A chance constrained stochastic Data Envelopment Analysis (DEA) was developed for investigating the relations between PM 2.5 pollution days and meteorological factors and human activities, incorporating with an empirical study for 13 cities in Jiangsu Province (China) to illustrate the model. This approach not only admits random input and output environment, but also allows the evaluation unit to exceed the front edge under the given probability constraint. Moreover, observing the change in outcome variables when a group of explanatory variables are deleted provides an additional strategic technique to measure the effect of the remaining explanatory variables. It is found that: (1) For 2013-2016, the influencing factors of PM 2.5 pollution days included wind speed, no precipitation day, relative humidity, population density, construction area, transportation, coal consumption and green coverage rate. In 2016, the number of cities whose PM 2.5 pollution days was affected by construction was decreased by three from 2015 but increased according to transportation and energy utilization. (2) The PM 2.5 pollution days in southern and central Jiangsu Province were primarily affected by the combined effect of the meteorological factors and social progress, while the northern Jiangsu Province was largely impacted by the social progress. In 2013-2016, at different risk levels, 60% inland cities were of valid stochastic efficiency, while 33% coastal cities were of valid stochastic efficiency. (3) The chance constrained stochastic DEA, which incorporates the data distribution characteristics of meteorological factors and human activities, is valuable for exploring the essential features of data in investigating the influencing factors of PM 2.5 .
Introduction
PM 2.5 refers to particles in the atmosphere of less than or equal to 2.5 microns in diameter. Every autumn and winter, the Ministry of Ecology and Environment (MEEC) of China releases regularly information regarding heavy air pollution conditions, especially fine particulate matter [1] . According to these reports, heavy pollution weathers have significantly decreased in recent years in terms of the frequency and duration, indicating that the preventive and control strategies boost some substantial progress.
On the other hand, according to the Chinese Environmental Status Bulletin, from 2013 to 2016, the annual average concentration of PM 2.5 in China is 57.75 µg/m 3 (8.47 µg/m 3 in the USA, 10 .00 recommended by the World Health Organization (WHO) [2] ). Long-term exposure to PM 2.5 pollution has a significant impact on the health of human beings, especially infants and juveniles [3] . Therefore, it is necessary to study the influencing factors of PM 2.5 and effectively control PM 2.5 pollution. 
Indicator Selection
The input variables and output variable are selected in this section.
Meteorological Factors
As for the selection of meteorological factors, many studies have adopted daily average or hourly monitoring values of meteorological factors [8] [9] [10] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , however, there is no uniform meteorological factors selection standards. Since meteorological factors may not affect the formation of PM 2.5 pollution days until they are over or below a critical value, it is inappropriate to study the relationship between the monitoring mean of meteorological factors and PM 2.5 pollution days.
For wind speed, only wind conditions with breeze or no wind are conducive to PM 2.5 agglomeration. For precipitation, no precipitation day or no effective precipitation day is conducive to PM 2.5 agglomeration. For temperature, the temperature decreases will generally be accompanied by a large wind speed, which is not conducive to PM 2.5 agglomeration, and temperature rises will generally be accompanied by a calm weather, which is conducive to PM 2.5 agglomeration. For air pressure, air pressure increase, due to the warming of high-pressure center, is conducive to the accumulation of PM 2.5 , whereas the reduction of air pressure is not conducive to PM 2.5 agglomeration. For relative humidity, lower (less than 20%) or higher (greater than 90%) relative humidity, either too dry or too wet, is not conducive to the accumulation of contaminants.
In general, it is the interaction of various meteorological factors that affects the PM 2.5 concentration. We can use the nodes where the meteorological factors affect PM 2.5 as a "disaster point" (meteorological conditions in favor of the formation of PM 2.5 such as wind speed < 1.5 m/s, no precipitation, temperature rising, air pressure drops, relative humidity between 60% and 90% etc.), with the "days" data of these nodes as disaster data, to study the relation between meteorological factors "disaster point" days and PM 2.5 pollution days. At the same time, the data distribution characteristics of meteorological factors will be incorporated in the study.
Based on the above ideas, this study combines the data distribution characteristics of 5 meteorological factors in Jiangsu Province, wind speed < 1.5 m/s, no precipitation day, positive temperature change (current day temperature minus the previous day temperature is greater than 0), negative pressure change (current day pressure minus the previous day pressure is less than 0), and relative humidity (60-90%, excluding precipitation days). The days at the five meteorological nodes are used as research data. See Table 1 . Using Grey Correlation Analysis, the study investigated the relationship between disaster point days and PM 2.5 pollution days. The results are shown in Appendix A, Table A1 .
Human Activities
In 2015, Jiangsu Province launched the PM 2.5 source analysis work. Based on the emission source list method, the source analysis results of Nanjing is displayed in [43] : coal burning contributed 27.4%, industrial production contributed 19.0%, vehicles exhaust contributed 24.6%, dust extraction contributed 14.1%, other pollution sources contributed 14.9%. According to the data, coal consumption is the biggest pollution source of air pollution in Nanjing.
Changzhou and Nantong had successively announced the results of PM 2.5 source analysis. The source analysis result of Changzhou is published in [44] : the industrial production process accounted for the highest proportion, 25%, coal burning accounted for 23%, dust extraction accounted for 22%, automobile and diesel vehicle exhaust, non-road machinery and other mobile source emissions accounted for 22%, other sources of pollution accounted for 8%.
The source analysis result of Nantong display [45] : coal combustion accounted for 26%, mobile sources accounted for 24%, industrial production and dust generation account for 23% and 18%, respectively.
In addition, the statistical analysis of the highest and lowest concentrations of PM 2.5 in 13 cities in Jiangsu Province in summer and winter 2016 shows that human activities have a much higher According to the PM 2.5 sources analysis results, PM 2.5 sources are related to industrial development, energy utilization, transportation, social progress etc. Hence, we choose five groups of indicators, industrial development, social progress, transportation, energy utilization and ecological protection, as input variables for human activities. Among them, the industrial development group selected "gross output value of industrial enterprises above designated size" as input variable. The social progress group selected "urbanization rate, population density, building construction area" as input variables. The transportation group selected "civil car ownership, number of public transportation vehicles under operation" as input variables. The energy utilization group selected "energy consumption of per 10,000 yuan industrial cross output value, total coal consumption" as input variables. The ecological protection group selected "green coverage rate of built-up areas" as input variable. The input variables and the output variable are summarized in Table 2 .
Data Sources
Meteorological data was derived from the daily meteorological data of China Meteorological Data Network, which is an authoritative and unified sharing service platform for China meteorological administration to open meteorological data resources to domestic and global users. the network portal is http://data.cma.cn., from 2013 to 2016. According to the selection and treatment of "disaster point" set by this study, quantitative information on the data regarding days of "disaster point" for the five meteorological factors was obtained.
The PM 2.5 data comes from the daily monitoring data of the atmospheric pollutants of Environmental Protection Department of Jiangsu Province, which is the functional department of Jiangsu Province, responsible for establishing and improving the basic system of environmental protection, environmental monitoring and information release, etc., from 2013 to 2016. In this study, based on the air quality index (AQI) and PM 2.5 average daily concentration, the day, in which the air quality index was lightly polluted and above, and the 24-h average concentration of PM 2.5 exceeds 75 µg/m 3 , was selected. The human activities data come from the statistical yearbooks of Jiangsu Province and 13 cities from 2014 to 2017.
Model Construction
Based on the multilayer perceptron neural network (NPNN), clustering algorithm, multiple linear regression (MLR), random forest regression (RFR), and so on, the identification and source analysis of PM 2.5 influencing factors are the focus of current attention [46] [47] [48] . By incorporating the data distribution characteristics of meteorological factors and human activities, it is helpful to explore the essential features of data in a more real and comprehensive way. This study uses two-dimensional data of means and variances for modeling, which is difficult to handle using conventional methods.
Stochastic DEA is an extension of the DEA method, and its input and output variables are characterized by randomness describing the interference of measurement error, data noise and other random factors, reflecting the reality where observed data may deviate from true values due to random sampling [49] . Therefore, the stochastic DEA has a great advantage in dealing with performance evaluation in uncertain environment, especially in random input and output environment [50] . The first study on stochastic DEA was Sengupta [51] , he used the reliability function to calculate the efficiency of the random input and output system. In order to make the solution of the stochastic DEA model deterministic, the constraint condition is added to the stochastic DEA model and transformed into a chance-constrained stochastic DEA model, which requires DEA to be valid at a certain confidence level 1 − α (0 < α < 1).Bruni et al. [52] proposed a stochastic DEA model based on joint probabilistic constraints. Cooper et al. [53] studied the stochastic DEA opportunity constraint model with random input-output data and discussed the deterministic equivalence form of the model. At the same time, they also discussed the sensitivity analysis in the case that only the data of the evaluated unit was random. Based on the study by Cooper et al. [53] , Khodabakhshi [54, 55] studied the super efficiency of stochastic DEA model in the form of opportunistic constrained programming from the perspectives of output and input respectively.
Chance constrained DEA breaks the rigid constraints of the traditional DEA model on inputs and outputs of decision units, allowing the evaluation unit to exceed the front edge under the given probability constraint, which is generally set statistically to some small enough confidence level [56] . Compared with other methods, the chance constrained stochastic DEA has certain advantages. For example, it has no requirements on sample size and index correlation, and it is more reasonable to use this method for data with large sample size, uncertainty and only general distribution characteristics. Therefore, the chance constrained stochastic DEA model that considers the data distribution characteristics is introduced into this study to explore the influencing factors of PM 2.5 pollution in different regions where uncertainty condition exists.
The DEA method is usually a measure of efficiency, while this study introduced the chance constrained stochastic DEA into the study of PM 2.5 influencing factors, which is a promotion of the application field of this method.
Suppose there are n Decision Making Units (DMUs). In this study, n = 13, representing the 13 prefecture-level cities in Jiangsu Province. There are m different input variables:
In this study, m = 14, representing the 14 input variables. There are s different outputs ỹ rj (r = 1, 2, ··s). In this study, s = 1, denoting the output variable. Each DMU j (j = 1, 2, ··n) includes m different input variables and s different output variables.
Input and output variables of each DMU are random vectors, the corresponding means are:
and: y rj (r = 1, 2, · · · , s)
Assume that the DMU being evaluated is DMU o :
The chance-constrained stochastic DEA model based on different risk levels is the following:
Constraints:
According to Lan [50] , in Equation (5), θ o is the target object function to be optimized. In Equation (6), α ∈ [0, 1] is the risk level (or significance level), that is, the risks faced in decision-making. A correct decision leads to a lower risk, and a wrong decision results in a higher risk. In our study, the higher the risk level, the higher the probability of PM 2.5 pollution days after the management decision is made.
Φ −1 (α) is the value of the inverse distribution function of the standard normal distribution function at α; σ I ij and σ 0 ij are the standard deviations of:
x ij and y rj j , respectively λ j is the parameter of DMU j ;
involves the standard deviations of input variables and different values of α are used here to study the change of the target optimal solution θ o at different α levels:
involves the standard deviations of output variables and different values of α are used here to study the change of the target optimal solution θ o at different α levels. The reciprocal of θ 0 is the stochastic efficiency of DMU 0 .
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Stochastic DEA Results for 2013-2016
Referring to Figure 1 , at a 95% risk level, Wuxi, Lianyungang, Huai'an, Yancheng, Zhenjiang and Suqian were the cities with stochastic DEA efficiency from 2013 to 2016. It indicates that the prevention and control of PM 2.5 pollutions in these cities was relatively effective in recent years.
Before the result analysis, it should be noted that the analysis process is like the evaluation results obtained from 2013 to 2016. In view of space constraint, this study took 2013 as an example to give detailed analysis process and conclusions on stochastic DEA results of 13 cities. For the assessment results from 2014 to 2016, this study only provided a comprehensive conclusion. In addition, the random efficiency values obtained from 2014 to 2016 were shown in Appendix A, Tables A2-A7. 
involves the standard deviations of input variables and different values of α are used here to study the change of the target optimal solution θo at different α levels:
involves the standard deviations of output variables and different values of α are used here to study the change of the target optimal solution θo at different α levels. The reciprocal of θ0 is the stochastic efficiency of DMU0.
Results and Analyses
Stochastic DEA Results for 2013-2016
Referring to Figure 1 , at a 95% risk level, Wuxi, Lianyungang, Huai'an, Yancheng, Zhenjiang and Suqian were the cities with stochastic DEA efficiency from 2013 to 2016. It indicates that the prevention and control of PM2.5 pollutions in these cities was relatively effective in recent years.
Before the result analysis, it should be noted that the analysis process is like the evaluation results obtained from 2013 to 2016. In view of space constraint, this study took 2013 as an example to give detailed analysis process and conclusions on stochastic DEA results of 13 cities. For the assessment results from 2014 to 2016, this study only provided a comprehensive conclusion. In addition, the random efficiency values obtained from 2014 to 2016 were shown in Appendix A, Table  A2 - Table A7 . 
Year 2013
At the 95% risk level, the efficiency values of Wuxi, Xuzhou, Changzhou, Lianyungang, Huai'an, Yancheng, Zhenjiang and Suqian were 1, and the remaining cities were ranked by efficiency values (from high to low) as follows Taizhou, Nanjing, Yangzhou, Nantong and Suzhou. But at 50% risk level or less, the efficiency values of all 13 cities were 1. 
At the 95% risk level, the efficiency values of Wuxi, Xuzhou, Changzhou, Lianyungang, Huai'an, Yancheng, Zhenjiang and Suqian were 1, and the remaining cities were ranked by efficiency values (from high to low) as follows Taizhou, Nanjing, Yangzhou, Nantong and Suzhou. But at 50% risk level or less, the efficiency values of all 13 cities were 1.
Referring to Figure 2 , the efficiency values of Nanjing, Suzhou, Nantong, Yangzhou and Taizhou changed with the risk level increase, and their efficiency values decreased as the risk level increased. It shows that in 2013, PM 2.5 pollution days in these cities were greatly affected by meteorological factors and human activities. Referring to Figure 2 , the efficiency values of Nanjing, Suzhou, Nantong, Yangzhou and Taizhou changed with the risk level increase, and their efficiency values decreased as the risk level increased. It shows that in 2013, PM2.5 pollution days in these cities were greatly affected by meteorological factors and human activities. In order to investigate the relationship between input variables and the output variable, firstly this study obtained the relevant efficiency values by deleting grouping variables. As the risk levels are between 0.05 and 0.5, after deleting the grouping variables, the efficiency values of DMUs had not changed; When the risk level is 0.8, 0.9 and 0.95, the DMUs whose stochastic efficiency values changed by deleting grouping variables are shown and analyzed in Table 3 . To investigate the relationship between different input variables and the output variable, this study further derives the efficiency values of DMUs by deleting single input variable. The number of cities which stochastic efficiency values changed by deleting single input variable in diffident risk levels in 2013 is shown in Table 4 , and the analyses results are shown in Table 5 . In order to investigate the relationship between input variables and the output variable, firstly this study obtained the relevant efficiency values by deleting grouping variables. As the risk levels are between 0.05 and 0.5, after deleting the grouping variables, the efficiency values of DMUs had not changed; When the risk level is 0.8, 0.9 and 0.95, the DMUs whose stochastic efficiency values changed by deleting grouping variables are shown and analyzed in Table 3 . 2013  3  2  1  2  2  2  2  2014  3  4  1  3  1  2  2  2015  5  5  1  2  1  1  2  2016  4  2  2  3  2  2  2 To investigate the relationship between different input variables and the output variable, this study further derives the efficiency values of DMUs by deleting single input variable. The number of cities which stochastic efficiency values changed by deleting single input variable in diffident risk levels in 2013 is shown in Table 4 , and the analyses results are shown in Table 5 . In general, as the risk level increased, cities with efficiency values of 1 decreased in 2013. At the 95% risk level, only eight cities had efficiency values of 1. The PM 2.5 pollution days in most cities were dominated by meteorological factors and social progress, and few cities were affected by transportation, energy utilization, ecological protection. The main factors affecting PM 2.5 pollution days were wind speed, relative humidity, urbanization rate, population density, building construction area, number of public transportation vehicles under operation, energy consumption of per 10,000 yuan industrial cross output value, total coal consumption and green coverage rate of built-up areas.
Year 2014
Referring to Figure 3 , the efficiency values of Nanjing, Changzhou, Suzhou, Yangzhou and Taizhou changed with the increased risk levels.
In general, as the risk level increased, cities with efficiency values of 1 decreased in 2013. At the 95% risk level, only eight cities had efficiency values of 1. The PM2.5 pollution days in most cities were dominated by meteorological factors and social progress, and few cities were affected by transportation, energy utilization, ecological protection. The main factors affecting PM2.5 pollution days were wind speed, relative humidity, urbanization rate, population density, building construction area, number of public transportation vehicles under operation, energy consumption of per 10,000 yuan industrial cross output value, total coal consumption and green coverage rate of built-up areas.
Referring to Figure 3 , the efficiency values of Nanjing, Changzhou, Suzhou, Yangzhou and Taizhou changed with the increased risk levels. In general, the results in 2014 were similar to in 2013. But the specific influencing factors on PM2.5 pollution days were a little different compared with 2013, which also included no precipitation day and negative pressure change but did not included urbanization rate.
Year 2015
Refer to Figure 4 , the efficiency values of Nanjing, Xuzhou, Suzhou, Nantong, Yangzhou and Taizhou changed with the increased risk levels. In general, the results in 2014 were similar to in 2013. But the specific influencing factors on PM 2.5 pollution days were a little different compared with 2013, which also included no precipitation day and negative pressure change but did not included urbanization rate.
Refer to Figure 4 , the efficiency values of Nanjing, Xuzhou, Suzhou, Nantong, Yangzhou and Taizhou changed with the increased risk levels. Compared to 2013-2014, cities with efficiency values of 1 in 2015 have decreased. At the 95% risk level, only 7 cities have stochastic efficiency values of 1. The PM2.5 pollution days in most cities were dominated by meteorological factors and social progress, but unlike 2013-2014, the PM2.5 pollution days in Nanjing were also affected by industrial development. The specific influencing factors in 2015 Compared to 2013-2014, cities with efficiency values of 1 in 2015 have decreased. At the 95% risk level, only 7 cities have stochastic efficiency values of 1. The PM 2.5 pollution days in most cities were dominated by meteorological factors and social progress, but unlike 2013-2014, the PM 2.5 pollution days in Nanjing were also affected by industrial development. The specific influencing factors in 2015 were wind speed, no precipitation day, relative humidity, population density, building construction area, number of public transportation vehicles under operation, total coal consumption and green coverage rate of built-up areas.
Year 2016
Referring to Figure 5 . The efficiency values of Nanjing, Xuzhou, Changzhou, Suzhou, Yangzhou and Taizhou changed with the increased risk levels. In 2016, the results were similar to in 2015. But the specific influencing factors on PM2.5 pollution days were a little different compared with 2015, which also included positive temperature change, and the cities affected by various factors had also increased. In 2016, the results were similar to in 2015. But the specific influencing factors on PM 2.5 pollution days were a little different compared with 2015, which also included positive temperature change, and the cities affected by various factors had also increased.
Regional Stochastic DEA Results
According to the economic development, geographical location and other factors, the selected 13 cities in Jiangsu Province are divided into three regions: Southern Jiangsu Province, Central Jiangsu Province and Northern Jiangsu Province. The geographical areas can also be divided into coastal and inland area. Among them, Southern Jiangsu Province includes Nanjing, Zhenjiang, Suzhou, Wuxiand Changzhou. Central Jiangsu Province includes Yangzhou, Taizhou and Nantong. Northern Jiangsu Province includes Xuzhou, Lianyungang, Huai'an, Yancheng and Suqian. Coastal area includes Nantong, Lianyungang and Yancheng. Inland area includes ten cities, Nanjing, Xuzhou, Changzhou, Suzhou, Yangzhou, Taizhou, Wuxi, Zhenjiang, Huai'an and Suqian.
To examine the relationship between input variables and output variable among cities of different regions, the stochastic efficiency values obtained by deleting grouping variables and deleting single input variables were sorted by regions (see Appendix A, Tables A8-A17) to further analyze and evaluate the common and individual characteristics of PM 2.5 pollution for different regions. In view of the space limitation, the detailed analysis process is no longer listed, but the comprehensive conclusions of regional analysis are provided.
Southern Jiangsu Province
From 2013 to 2016, referring to Figure 6 , the efficiency values of Wuxi and Zhenjiang were 1 at different risk levels. The efficiency values of Nanjing, Changzhou and Suzhou showed a monotonous non-increasing trend as the risk level increase.
To examine the relationship between input variables and output variable among cities of different regions, the stochastic efficiency values obtained by deleting grouping variables and deleting single input variables were sorted by regions (see Appendix A, Table A8-Table A17 ) to further analyze and evaluate the common and individual characteristics of PM2.5 pollution for different regions. In view of the space limitation, the detailed analysis process is no longer listed, but the comprehensive conclusions of regional analysis are provided.
From 2013 to 2016, referring to Figure 6 , the efficiency values of Wuxi and Zhenjiang were 1 at different risk levels. The efficiency values of Nanjing, Changzhou and Suzhou showed a monotonous non-increasing trend as the risk level increase. The results obtained by deleting grouping input variables and deleting single input variables are summarized as follows:
From 2013 to 2016, the efficiency values of Wuxi and Zhenjiang were 1 at different risk levels, which indicates that the two cities have relatively high levels of particulate pollution control. The efficiency values of Nanjing, Changzhou and Suzhou showed a monotonous non-increasing trend as the risk level increases. The PM2.5 pollution days in Southern Jiangsu Province were dominated by meteorological factors and social progress, less affected by industrial development, transportation, and energy utilization. Due to the high level of urbanization, dense population and advanced industrial pollution control, energy utilization and traffic management in Southern Jiangsu Province, besides meteorological factors, social progress is an important factor affecting PM2.5 pollution in recent years. The specific influencing factors were wind speed, relative humidity, population density, building construction area, total coal consumption and green coverage rate of built-up areas. The results obtained by deleting grouping input variables and deleting single input variables are summarized as follows:
From 2013 to 2016, the efficiency values of Wuxi and Zhenjiang were 1 at different risk levels, which indicates that the two cities have relatively high levels of particulate pollution control. The efficiency values of Nanjing, Changzhou and Suzhou showed a monotonous non-increasing trend as the risk level increases. The PM 2.5 pollution days in Southern Jiangsu Province were dominated by meteorological factors and social progress, less affected by industrial development, transportation, and energy utilization. Due to the high level of urbanization, dense population and advanced industrial pollution control, energy utilization and traffic management in Southern Jiangsu Province, besides meteorological factors, social progress is an important factor affecting PM 2.5 pollution in recent years. The specific influencing factors were wind speed, relative humidity, population density, building construction area, total coal consumption and green coverage rate of built-up areas.
Central Jiangsu Province
Referring to Figure 7 , At different risk levels, the Nantong's efficiency values were 1 in 2014 and 2016. In Yangzhou and Taizhou, the stochastic efficiency showed a monotonous non-increasing trend as the risk level increases.
Referring to Figure 7 , At different risk levels, the Nantong's efficiency values were 1 in 2014 and 2016. In Yangzhou and Taizhou, the stochastic efficiency showed a monotonous non-increasing trend as the risk level increases. 
Northern Jiangsu Province
Referring to Figure 8 , From 2013 to 2016, the efficiency values of Lianyungang, Huai'an, Yancheng and Suqian were 1 at different risk levels. With the increase of risk level, Xuzhou's efficiency value presented a monotonous and non-increasing trend. In 2013-2016, PM 2.5 pollution days in Northern Jiangsu Province were more affected by social progress, followed by meteorological factors and transportation, and the impact of industrial development, energy utilization and ecological protection was minimal. Referring to Figure 7 , At different risk levels, the Nantong's efficiency values were 1 in 2014 and 2016. In Yangzhou and Taizhou, the stochastic efficiency showed a monotonous non-increasing trend as the risk level increases. 
Referring to Figure 8 , From 2013 to 2016, the efficiency values of Lianyungang, Huai'an, Yancheng and Suqian were 1 at different risk levels. With the increase of risk level, Xuzhou's efficiency value presented a monotonous and non-increasing trend. In 2013-2016, PM2.5 pollution days in Northern Jiangsu Province were more affected by social progress, followed by meteorological factors and transportation, and the impact of industrial development, energy utilization and ecological protection was minimal. This indicates that Northern Jiangsu Province is in a period of rapid urbanization and population growth, and the number of motor vehicles increases sharply. Therefore, in addition to meteorological factors, social progress and motor vehicles become important factors affecting PM 2.5 pollution in Northern Jiangsu Province. The specific influencing factors were relative humidity, population density and civil car ownership.
Coastal Area
Referring to Figure 9 , From 2013 to 2016, the efficiency values of Lianyungang and Yancheng were 1 at different risk levels. Nantong only had efficiency values of 1 in 2014 and 2016. This indicates that Northern Jiangsu Province is in a period of rapid urbanization and population growth, and the number of motor vehicles increases sharply. Therefore, in addition to meteorological factors, social progress and motor vehicles become important factors affecting PM2.5 pollution in Northern Jiangsu Province. The specific influencing factors were relative humidity, population density and civil car ownership.
Referring to Figure 9 , From 2013 to 2016, the efficiency values of Lianyungang and Yancheng were 1 at different risk levels. Nantong only had efficiency values of 1 in 2014 and 2016. From 2013 to 2016, the PM2.5 pollution days in Nantong was largely affected by the meteorological factors and social progress at different risk levels, Lianyungang and Yancheng were mainly affected by social progress. The main factors affecting the PM2.5 pollution days in Nantong were wind speed, no precipitation day, positive temperature change, population density, number of public transportation vehicles under operation, and energy consumption of per 10,000 yuan industrial cross output value. The main factors affecting the PM2.5 pollution days in Lianyungang and Yancheng were population density and building construction area.
Inland Area
Referring to Figure 10 , In 2013-2016, the efficiency values of Wuxi, Zhenjiang, Huai'an and Suqian were 1 at different risk levels. The efficiency Values of other cities changed more complex at different risk levels. From 2013 to 2016, the PM 2.5 pollution days in Nantong was largely affected by the meteorological factors and social progress at different risk levels, Lianyungang and Yancheng were mainly affected by social progress. The main factors affecting the PM 2.5 pollution days in Nantong were wind speed, no precipitation day, positive temperature change, population density, number of public transportation vehicles under operation, and energy consumption of per 10,000 yuan industrial cross output value. The main factors affecting the PM 2.5 pollution days in Lianyungang and Yancheng were population density and building construction area.
Referring to Figure 10 , In 2013-2016, the efficiency values of Wuxi, Zhenjiang, Huai'an and Suqian were 1 at different risk levels. The efficiency Values of other cities changed more complex at different risk levels. From 2013 to 2016, the PM2.5 pollution days in inland area was affected by meteorological factors and social progress at different risk levels, followed by transportation, energy utilization, and ecological protection, less affected by industrial development. The PM2.5 pollution days in inland area were related to most of input variables, in addition to the two input variables of "gross output value of industrial enterprises above designated size" and "urbanization rate".
Results Comparison
We summarized the analysis results of the fourth part and drew conclusions of generality and personality, with the results shown in Table 6 . Table 6 . Comparison of PM2.5 influencing factors.
Classification Generality Personality
Years
With the risk level decrease, the influencing factors of PM2.5 pollution days reduced.
With the risk level change, the specific factors affecting PM2.5 pollution days were different.
2013-2016, the number of cities with values of 1 decreased, and the higher the risk level, the fewer cities the values were effective.
At 95% risk level, there were more cities' PM2.5 pollution days affected by transportation in 2013-2014 than in 2015-2016.
In 2013-2016, PM2.5 pollution days of 13 cities in Jiangsu Province were affected by meteorological factors and social progress.
Wind speed and relative humidity had a significant impact on PM2.5 pollution days in 2013-2014; no precipitation days had greater impact on PM2.5 pollution days in 2015-2016.
Areas
Stochastic DEA effective regional sorting: Northern Jiangsu Province, Southern Jiangsu Province, Central Jiangsu Province.
The stochastic efficiencies of Yangzhou and Taizhou in Central Jiangsu Province were invalid.
The PM2.5 pollution days in Southern and Central Jiangsu Province were closely related to meteorological factors and social progress.
The PM2.5 pollution days in Northern Jiangsu Province were closely related to social progress.
The PM2.5 pollution days in Southern and Central Jiangsu Province were affected by most of the input variables.
The PM2.5 pollution days in Northern Jiangsu Province is only related to relative humidity, population density and civil car ownership.
The PM2.5 pollution days in coastal and inland area were affected by meteorological factors, social progress, transportation and energy utilization, less affected by industrial development.
The PM2.5 pollution days in inland area was also related to ecological protection. From 2013 to 2016, the PM 2.5 pollution days in inland area was affected by meteorological factors and social progress at different risk levels, followed by transportation, energy utilization, and ecological protection, less affected by industrial development. The PM 2.5 pollution days in inland area were related to most of input variables, in addition to the two input variables of "gross output value of industrial enterprises above designated size" and "urbanization rate".
Results Comparison
We summarized the analysis results of the fourth part and drew conclusions of generality and personality, with the results shown in Table 6 . Table 6 . Comparison of PM 2.5 influencing factors.
Classification Generality Personality
Years
With the risk level decrease, the influencing factors of PM 2.5 pollution days reduced.
With the risk level change, the specific factors affecting PM 2.5 pollution days were different.
At 95% risk level, there were more cities' PM 2.5 pollution days affected by transportation in 2013-2014 than in 2015-2016.
In 2013-2016, PM 2.5 pollution days of 13 cities in Jiangsu Province were affected by meteorological factors and social progress.
Wind speed and relative humidity had a significant impact on PM 2.5 pollution days in 2013-2014; no precipitation days had greater impact on PM 2.5 pollution days in 2015-2016.
Areas
The PM 2.5 pollution days in Southern and Central Jiangsu Province were closely related to meteorological factors and social progress.
The PM 2.5 pollution days in Northern Jiangsu Province were closely related to social progress.
The PM 2.5 pollution days in Southern and Central Jiangsu Province were affected by most of the input variables.
The PM 2.5 pollution days in Northern Jiangsu Province is only related to relative humidity, population density and civil car ownership.
The PM 2.5 pollution days in coastal and inland area were affected by meteorological factors, social progress, transportation and energy utilization, less affected by industrial development.
The PM 2.5 pollution days in inland area was also related to ecological protection.
The specific factors affecting the PM 2.5 pollution days in coastal and inland areas were wind speed, no precipitation day, relative humidity, and population density.
The factors affecting the PM 2.5 pollution days in inland area also included: building construction area, civil car ownership, total coal consumption and green coverage rate of built-up areas.
Conclusions and Policy Recommendations
6.1. Conclusions PM 2.5 is mainly produced by human activities, but its migration, as well as the formation in some cases, is largely driven by meteorological factors. This study aimed at the influencing factors of PM 2.5 in different regions. We adopted the chance constrained stochastic DEA model, took meteorological factors and human activities as input variables, and PM 2.5 pollution days as output variables. By deleting grouping input variables and single input variable, we study the stochastic efficiency values of 13 cities in Jiangsu Province under different risk levels. If one or a grouping input variables was deleted and the stochastic efficiency value of the DMUs changed, it is considered that the deleteing input variable or the grouping input variables had an impact on PM 2.5 pollution day, and the influencing factors in different regions were sorted out from 2013 to 2016.
It is concluded that there were generality and personality factors of PM 2.5 pollution for the selected 13 cities in Jiangsu Province. From the perspective of time series, cities affected by NPD, PTC, GOVIE, PD and CCO variables in 13 cities in Jiangsu Province increased, while cities affected by WS, NPC and UR variables decreased from 2013 to 2016. From the perspective of the subregion, the number of PM 2.5 pollution days in southern Jiangsu Province was greatly affected by meteorological factors and social progress, but less affected by industrial development, transportation and energy utilization. The number of PM 2.5 pollution days in central Jiangsu Province was affected by meteorological, social progress, transportation, energy utilization, but it had little relationship with industrial development.
In the northern Jiangsu Province, the number of PM 2.5 pollution days was greatly affected by social progress, followed by meteorological factors and transportation, and the least affected by industrial development, energy utilization and ecological protection. In coastal area, the number of PM 2.5 pollution days in Nantong city was greatly affected by meteorological factors and social progress, while Lianyungang and Yancheng were only greatly affected by social progress. In inland area, the number of PM 2.5 pollution days was largely affected by meteorological factors and social progress, followed by transportation, energy utilization and ecological protection, and less affected by industrial development.
In addition, the evaluation model adopted in this study has the following characteristics:
(1) Consider the distribution characteristics of data.
(2) Comprehensively investigate the meteorological factors and human activities.
(3) Differentiate multiple effective decision units.
The chance constrained stochastic DEA focuses on processing large sample data, especially panel data with incomplete data, incomplete information and only general distribution. This method pays attention to the input-output relationship between variables, that is, efficiency, so the stochastic DEA and other similar techniques can also be used for environmental performance, environmental efficiency, energy efficiency and other evaluation studies in terms of environmental sciences.
Policy Recommendations
First, the cities in Jiangsu Province should pay attention to the impacts of meteorological conditions on local PM 2.5 pollution and intensify haze forecasting and early warning. At the same time, each city should comprehensively consider the diffusion or agglomeration effects of pollutants under different meteorological conditions. When formulating management policies, timely selects measures to prevent and reduce haze pollution caused by adverse meteorological conditions. Second, cities should reach consensus and strengthen regional joint defense and control. Haze pollution often has regional and compound characteristics. The neighboring cities should strengthen the regional joint prevention and control, jointly formulate and implement the joint control measures for air pollution and co-improve the regional air quality.
The limitation is that this is a qualitative study on the factors affecting PM 2.5 . The prevention and control of PM 2.5 pollution need to maintain a continuous long-term effort. Future research can further explore the reason of invalid stochastic efficiency and investigate deeper relationship between PM 2.5 pollutions, meteorological factors and human activities. For example, study the impact of cooperation and competition in different regions on PM 2.5 pollution, in order for providing useful reference and support for local environmental protection measures.
Author Contributions: The research is designed and performed by Z.G. and R.S. The data was collected and analyzed by R.S. and Y.Z., while J.W. was responsible for the drawing. R.S. drafted the manuscript and all authors read and revised the final manuscript. 
Conflicts of Interest:
The authors declare no conflict of interest. 
Appendix A
